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(54) rifle: ENCAPSULATION OF ENVIRONMENTALLY SENSITIVE MATERIALS 
(57) Abstract 

Environmentally sensitive materials such as hygroscopic or deliquescent compounds may be encapsulated in naturally oc- 
curing or synthetic waxes by the method of this invention. The invention uses wax which, while in the liquid phase, has been sub- 
jected to a force and thereby transformed into a state which has altered properties. Triglyceride waxes represent one example of 
waxes which may be used with this invention. Triglycerides formed from long chain saturated unbranched aliphatic carbo^qdic 
adds, which normally exhibit polymorphic states upon crystallization, may be transformed in the liquid phase to convert the tng- 
lyceridc to a state whidi solidifies only in the stable higher melting p polymorphic form. Direct mechanical mixing of environ- 
mentally sensitive core materials with transformed Hquid waxes yields capsules of the core material in transformed wax shells. 
The can<;ules made by the method of this invention completely enclose the core material and are stable over time. Further, the 
capsul.^ are free-flowing and may be compounded into tablets. The method of this invention permits encapsulation of core parti- 
cles over a wide range of sizes. 
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ENCAPSULATION OF ENVIRONMENTAIiY SENSITIVE MATERIALS 

Technical Field and Background Ar1: 
Encapsulation is the term applied to the formation from 
5 a suitable material of a shell which encloses a core 
material. The capsule thus formed may have as core 
material solids, liquids, gas, or multiphase compounds. 
During t:lie past decade, encapsulation of a broad range of 
useful materials has been achieved using a variety of 

10 encapsulation techniques such as coacervation, thermal 
coacervation , complex coacervation, interfacial polymer- 
ization, and others. 

One general purpose of encapsulation is to preserve or 
isolate the core material from its environment until an 

15 appropriate time or condition is present. In these 
situations, the core material is protected from the 
environment by the shell. Such protection is not always 
easily achieved. For instance, one class of materials 
which has been particularly difficult to encapsulate is the 

20 hygroscopic and/or deliquescent compounds. Hygroscopic 
materials readily absorb moisture from their surrounding 
environment cOid may deliquesce, that is, become liquid by 
absorbing the moisture. The environmental conditions to 
which the more readily absorbing of these materials may be 

25 exposed before they begin to degrade or change phase are 
relatively limited. Often, in order to encapsulate these 
materials, it is necessary to maintain the materials in a 
solvent other than water. Not only may the solvent react 
with the shell material in unpredictable ways, but also 

30 ridding the final capsule of the solvent is often a very 
laborious if not impossible task. When the capsules are 
intended to contain hygroscopic medicants of one form or 
another, it is particularly important that the encapsula- 
tion process not add any potentially deleterious chemicals 

35 to the capsule. 

Encapsulation can also be used to protect compounds from 
environmental conditions such as temperature, pH, or 
chemically reactive surroundings. In some cases the shell 
protects the core from oxidizing and reducing environments 
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which may consist of cheiaicals to which the core material 
or the completed capsule may be added. 

It is desireable to encapsulate certain other chemical 
compounds not only for protection of the core compound 
5 itself but to protect or shield the external environment 
from reaction with the chemical compound forming the core. 
One common example of this use of encapsulation is the 
ability to mask the taste and/ or odor of a chemical by 
encapsulation. In this case, encapsulation offers 
10 protection against detection of a bitter or otherwise 
undesirable taste or odor. Encapsulation of skin and 
respiratory irritants or toxins is one important way to 
protect the handlers from exposure. 



15 invention will be discussed with reference to 

encapsulation of hygroscopic compounds, but it should be 
understood that the technique is equally applicable both to 
the protection of other types of core materials from 
environmental influences as well as to the protection of 

20 the environment from certain core materials. 

With respect to hygroscopic materials, not only has it 
proved difficult to encapsulate hygroscopic and/ or 
deliquescent materials, but it has also proved difficult to 
find an encapsulating shell material which on the one hand 

25 permits encapsulation with relative ease and speed, and on 
the other band is relatively impermeable to water so that 
the hygroscopic materials, once encapsulated, do not 
rapidly degrade, change phase, or leak out of the capsule. 
An additional restraint is imposed if the encapsulated core 

30 material is incorporated in an orally administered 

medicant. In this case, the shell material must also 
dissolve/degrade in the stomach or intestinal tract and 
must not be toxic to the organism. 



35 water resistcoit, digestible shell material, a desireable 
choice for a shell material would be a naturally occurring 
or synthetic wax (organic ester) such as one of the 



The advances provided by the method of the present 



Given the above constraints of an easily manipulated, 
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naturally-occurring lipid or fatty acid compounds or a 
derivative thereof. It is well known that many 
triglycerides (esters formed from glyceryl and fatty acids 
in which all three hydroxy groups of the glyceryl molecule 
5 are esterif ied) are relatively insoluble in water and that 
biochemical pathways exist for their degradation. Un- 
branched aliphatic carboxylic acids with an even number of 
carbon atoms and having a chain length between four and 
twenty-two carbon atoms are most commonly found in 
10 naturally occurring triglycerides. These carboxylic acids 
may be saturated or unsaturated. When all three hydroxy 
groups of a glyceryl molecule have been esterif ied with the 
same fatty acid, it is referred to as a monoacid triglycer- 
ide. The longer chain saturated carboxylic acids form 
15 triglycerides with higher melting points. 

Extensive use has been made of triglycerides in the food 
preparation industry. For instance, the monoacid 
triglyceride, glyceryl tristerate, has been widely used as 
a crystal growth accelerator or initiator in the manufac- 
20 ture of Chocolate products , and in the compounding of 

pharmaceutical compositions especially as an aid to tablet 
formation. As a naturally occurring triglyceride, in 
moderate concentrations it is not considered toxic in food 
or chemical preparations meant for human consumption. 
25 in fact, attempts to use the triglycerides in the 

formation of capsules, including capsules containing 
hygroscopic compounds, have been tried but have achieved 
only limited success. Usually, the triglycerides are 
present as granulating agents. Examples from the prior art 
30 are the patents of Ando et al. , Canadian patent 1,225,861, 
and Nishimura, EPO application No. EPO 276,781 A2 . 
However, nowhere in the previous art has anyone succeeded 
in forming an entire stable shell wall of a capsule out of 
a triglyceride. 

35 The major obstacle to the use of triglycerides as shell 
material is the fact that triglycerides are polymorphic; 
that is, a given triglyceride may solidify in substantially 
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different crystalline forms even within the same mass. 
Complicating their use even fiarther is the fact that 
triglycerides exhibit a special form of polymorphism, 
designated monotropic polymorphism, in which the lower 
5 melting point crystal forms are xinstable and convert over 
time to a more stable form with the conversion r^te depen- 
dent upon the temperature of the material- Monotropic 
polymorphic conversion always takes place in the direction 
towards the more stable crystal forms. Such conversion 
10 between polymorphic forms involves a structural 

rearrangement of the molecules and such rearrangement is 
inconsistent with the encapsulation requirement that the 
shell material possess a steJDle structure. 



15 the triglyceride, glyceryl tristerate, first hardens in a 
glass-like amorphous form which then converts over time to 
a crystalline form (the alpha "a" form) having a hexagonal 
crystal lattice structure and a melting point of about 54° 
C. This polymorphic a form is only relatively stable- If 

20 beat is provided to the a form material, the glyceryl 
tristerate will convert over time through an unstable 
intermediate form (the beta-prime "B'" form) to a yet 
higher melting point form (the beta "B" form) having a 
triclinic crystal lattice structure with a melting point of 

25 about 72*' C. Once the conversion to the higher melting 
point B form is complete, the B form is stable. 

Such polymorphism presents problems in the use of the 
triglycerides and especially any attempt to create stable 
capsxile shell structures from them. While many of the 

30 triglycerides, such as glyceryl tristerate, are available 
as powders in relatively pure B form, these B forms are 
obtained from corystallization of the material from 
solvents. The powders themselves are usually not usable in 
most encapsulation processes without the use of solvents, 

35 since once the triglyceride is melted and allowed to re- 
crystallize, typically both the lower d and higher B 
melting point polymo2T)hs are present in the resulting 



For example, when melted, cooled and solidified rapidly, 
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material. One would thus expect that a capsule shell made 
from such a polymorphic material would not form a complete 
and stable envelope around the core material of the 
capsule. Thus, from the teachings of the prior art, it 

5 appears that the natural triglycerides are not likely 

candidates for use alone as encapsulating shell materials. 

Disclosu3-e of i ^He Invention 
The method of the present invention allows the 
encapsulation of environmentally sensitive materials 

10 including hygroscopic and/or deliquescent compounds in a 
waxy shell without the use of non-aqueous solvents. The 
shell material consists of a member of the class of 
naturally occurring or synthetic waxes which has been 
transformed while in the liquid phase to a form from which 

15 shells possessing superior characteristics may be 

generated. For those waxes which are polymorphic, the 
transformation yields a liquid phase of the wax which only 
crystallizes /hardens in the higher melting point form. The 
results obtained with the triglyceride waxes clearly 

20 demonstrate the success obtained with the method of this 
invention. In order to obtain the liquid phase of the 
triglyceride which solidifies in only the higher melting 
point B polymorph, liquid native triglyceride is trans- 
formed by being subjected to a force. For instance, the 

25 liquid triglyceride may be placed within an enclosed 
chamber attached to a piston and subjected to a stroke 
cycle of the piston. An example of another method of 
subjecting the triglyceride to force is to expose the 
molten triglyceride to ultrasound delivered by an ultra- 

30 sonic transducer immersed in the liquid wax. Liquid 

triglycerides transformed in either manner exhibit only the 
stable higher melting point fi structure upon cooling and 

solidification . 

The invention utilizes the force transformed waxes as 
3 5 one component of a two-component mixture in which the 
transformed wax is mechanically mixed while still in a 
liquid phase with the second component, the core material 
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■CO be encapsuiat-sd. COiUpleta mixing of the transformed 
liquid wax shell matarial with the core material, followed 
by cooling of the mixture, produces encapsulated core 
material. The capsules thus foraied exhibit 
charac-teristics unobtainable with the prior art. For 
instance, if a hygroscopic and/or deliquescent core 
material is encapsulated, and the capsules are exposed to a 
htmid environment, the capsules remain free- flowing and 
may be readily formed into tablets by procedures well 3cnown 
in the art. In addition the transformed waxy shell 
material retains the hygroscopic and/or deliquescent core 
material within the capsule without loss of chemical 
concentration or activity. 

It is an object of this invention to produce capsules 
having shell walls formed frcm naturally occurring or 
synthetic waxes, which have been transformed by being 
subjected to force, to possess improved shell 
characteristics . 

Another object of this invention is to produce capsules 
containing environmentally sensitive core materials which 
are isolated from the environment by waxy shell walls. 

It is another object of this invention to provide a 
method whereby environmentally sensitive core materials ^ 
including hygroscopic and/ or deliquescent materials, may be 
encapsulated . 

Another object of this invention is to use na^turally 
occurring and synthetic waxes which, while in a liquid 
phase, have been transformed by being subjected to force as 
shell materials for encapsulation. 

It is another object of this invention to use triglycer- 
ides as a shell material for encapsulation- 

It is a further object of this invention to encapsulate 
compounds in a shell material without the use of carrier 
solvents. 

A further object of this invention is to encapsulate 
compounds in a shell material without the use cf non- 
aqueous solvents • 
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Yet another object of this invention is to prepare a 
capsule having a choline chloride core. 

A further object of this invention is to make a capsule 
with a shell which is non-toxic and digestible. 
■ 5 Another object of this invention is to protect by 

encapsulation core materials from exposure to the external 
environment svirrounding the capsule. 

A further object of this invention is to improve the 
handling characteristics of certain materials through 

10 encapsulation. 

yet another object of this invention is to provide a 

protective shell for an environmentally sensitive medicant 

or vitamin so that the capsules may be incorporated into a 

tablet designed for oral administration. 
15 Other useful objects of the invention will become 

apparent to those skilled in the art from the disclosure 

which follows. 

ncgf-T-ipfci "" th*a nyawinas 
Figure 1 is a differential scanning calorimeter (DSC) 
20 spectrum showing the endothermic melting point/peak of the 
B polymorph of crystallized glyceryl tristerate (Dynasan 
118) as provided by the manufacturer. 

Figure 2 is a DSC spectrum of glyceryl tristerate which 
has been melted and resolidified showing the endothermic 
25 peaks corresponding to the a and B forms and the exothermic 
heat of crystallization. 

Figure 3 is a DSC spectrum of glyceryl tristerate which 
has been melted, treated with one piston stroke cycle, and 
aresolidif ied. 

30 Figure 4 is a DSC spectrum of glyceryl tristerate which 

has been melted, treated with 5 successive piston stroke 
cycles, and resolidified. 

Figure 5 is a DSC spectruin of glyceryl tristerate which 
has been melted, treated with ultrasound, and resolidified 

35 Figure 6 is a partial schematic outline of the method of 

the invention • 

Figure 7 is a schematic diagram of the piston apparatus 
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used to -treat: Wcixes. 

Figure 8 is schema-tic diagram of the ultrasonic 
apparatus used to treat waxes. 

Figure 9 is a schematic diagram of the mixing apparatus 
5 used to encapsulate by the method of this invention. 



The method of this invention relies in part upon the 
discovery that subjecting liquid waxes to a force 
-transforms those waxes into a different liquid state 
10 characterized by the fact that when the waxes solidify, 

they do so in forms different from those forms into which 
they would solidify except for the application of the 
force. The transformed waxes exhibit altered 
characteristics which make -them superior capsule shell 
15 material. For instance, transformation converts waxes such 
as the triglycerides (which normally crystallize in 
multiple polymorphic forms) into liquid forms which 
solidify in only a single polymorphic state,, that of the 
stable higher melting point B structure. That discovery is 
20 disclosed in a co-pending U.S. patent application 

entitled, "Method and Apparatus for Inducing Trans- 
formations in Waxes" filed on even date herewith. 

The term "wax" as used in this application is intended 
to have as broad a meaning as possible and contemplates 
25 organic ester or waxy compounds derived from animals, 

vegetables, and minerals including modifications of such 
compounds from all three sources in addition to those 
materials having similar properties which are synthesized 
by man- Examples of some of the naturally occurring and 
3 0 synthetic waxes which may be used after transformation, 
either alone or in combination, with the method of this 
invention to form capsule shells about core materials are 
shown below in Table 1. 



Detailed Description of the Invention 
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Glyceryl TRISTEARATE 
DYNASAN™ 110, 114, 116, 118 
CANOLA WAX/ OIL 
SOYA FLAKES 
RAPESEED WAX 
CARNAUBA WAX 

MICROWAX (PETROLEUM BASED) 
SPECIAL FAT™ 42, 44,168 T 
BE SQUARE™ WAX #19 5W 
ASTOR™ WAX 180 



15 



20 



25 



30 



35 



Glyceryl DISTEARATE 

STEROTEX™ HM, K 

COTTON FLAKES 

CASTOR WAX 

BEESWAX 

CANDELILLA WAX 

BOLER™ WAX 1014 

BE SQUARE™ WAX #195A 

ENERGYBOOSTER™ 

ASTOR™ WAX 150 



Clearly, for encapsulation purposes, a transformed wax 
Should be used which exists as a Wolid at the temperature 
at which the capsules will be stored and used. Normally, 
ti.erefore, waxes which are solid at room temperatures will 
be used. For some applications in cold environments, a 
lower melting point wax Could be used. Similarly, if the 
capsule will be subjected to higher temperatures, a higher 
melting point wax should be chosen. The method of this 
invention is clearly demonstrated by its application to the 
■triglyceride waxes. 

The triglycerides most useful with the present invention 
are unbranched aliphatic carboxylic acid esters of 
glyceryl. In addition, in order to form a stable shell 
which is not subject to rancidity, triglycerides formed 
from saturated carboxylic acids should be used. Generally, 
the higher the melting temperature (the longer the carbon 
chain length) of the triglyceride, the better capsule 
material the triglyceride makes after treatment. 

Triglycerides may be obtained commercially in a variety 
of purity grades. commercial preparations of triglycerides 
start with natural products in which a number of different 
triglycerides are associated with each other. Processing 
not only saturates the acid substituents but reduces the 
variety of triglycerides in the final material. It has 
been found that the purer the starting triglyceride materi- 
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S.1, the better it serves after transformation as a siiell 
material. The most suitable triglyceride for use after 
transforiaation as a shell material of which Applicant is 
aware is the monoacid triglyceride, glyceryl tristerate 
5 ("tristearin") formed by the ester if icat ion of 18-carbon 
stearic acids with all three hydroxy groups of glyceryl. 

The most suitable conaaercial grade of tristearin for 
forming shells after transformation of which the Applicant 
is aware is the product having the trade name "Dynasan 118" 
10 wHich is manufactured by Dynamit Nobel, a subsidiary of 
Huls America. Dynasan 118 is a highly purified material 
from a vegetable source. As it is supplied by the manufac- 
turer, Dynasan 118 is a white microcrystalline powder 
crystallized in the B form as can be seen by the dif f eren- 
15 tial scanning calorimeter (DSC) spectrum of a sample of 
Dynasan 118 shown in Figure 1. The presence of only a 
single endothermic peak centered at approximately 72» C. 
indicates that only a single polymorphic form is present 
with a melting point within the melting temperature range 

20 of the B form- 
Like other triglycerides, when the Dynasan 118 
tristearin is heated to a molten phase and allowed to cool, 
it crystallizes in both the a and & forms as can be seen in 
Figure 2 where the Dynasan 118 was first heated to 125- C 
25 and then resolidified- The polymorphic o form melts at a 
lower temperature and is seen in the DSC spectrum of Figure 
2 as an endothermic peak centered at approximately 54 » C. 
The stable- polymorphic 6 form melts at a higher temperature 
and is seen in the DSC spectrum of Figure 2 as the more 
3 0 prominent endothermic peak centered at approximately 72 » 
C. The resolidified tristearin obviously has coexisting 
within it both crystal structures. The upward (exothermic) 
peak centered at approximately 57. 5 » c between the 
endothermic peaks for the a and B forms in the DSC spectrum 
35 of Figure 2 is the exothermic heat of crystallization. 

This Figure shows the classic DSC spectrum of the heat of 
crystallization of tristearin. 
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A few comments are in order with respect to the DSC 
spectra presented in the figures. First, the absoliite 
height (or depth) of the peaks in the DSC spectra are 
reflective only of the Tnass of the sample used to generate 
' 5 that curve. Thus, differences in the height (or depth) of 
a peak from one spectrum to another are not significant in 
terms of identifying the polymorphic forms in which the 
material exists. The different polymorphic forms are 
distinguished by the fact that they melt at different 

10 temperatures. 

The relative proportions of the polymorphic a and B 
forms which crystallize from melted tristearin will vary 
depending upon the heating and cooling regimen to which the 
tristearin sample has been subjected. However, Figure 2 . xs 
15 representative of tristearin when it is melted and 

resolidified. It is obvious from the width of the peaks xn 
the DSC spectra of Figures 1 and 2 that a range of melting 
points exist for both the a and B forms. The exact reason 
for this is unclear. 
20 Applicant is aware of two possible explanations for the 

width of the peaks. First, it is suggested that even m 
the solid (crystallized) state, some non-ordered or 
randomly ordered tristearin may be trapped within the 
crystalline structures, thereby locally altering the 
25 crystal structure and its melting point. The second 
explanation is that, because of the nature of the 
commercial preparation of the tristearin, a totally pure, 
homogeneous material has not been obtained. For instance, 
not all of the stearic acid moieties may have been totally 
30 saturated. It is also possible that some shorter or longer 
chain carboxylic acids may have participated m the 
ester if icat ion, whether saturated or not. The range of 
compounds therefore yields a range of melting points which 
is reflected not only in the width of the DSC peaks but 
35 also in the fact that different samples have slightly 
different/shifted principal melting points. Applicant 
believes this second explanation is most likely. 
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Applicant lias observed -that tristearins from different 
manufacturers and/or derived from different starting 
materials exhibit varying peak widths as well as slightly 
shifted melting points of the polymorphic forms as measured 
5 by the DSC. However, there may also be other factors at 
work which are unknown to the Applicant. 

Figures 3 and 4 show the DSC spectra of solidified tri- 
stearin which, while in a liquid molten phase, was 
subjected to the force of compression/ expansion cycles of a 
10 piston stroke before solidification. The a and B peaks are 
identified by appropriate legends in both Figure 3 and 
Figure 4. In Figure 3 the tristearin, while in the molten 
phase at 145'' C, was subjected to the force of one stroke 
cycle of the piston. The small endothermic peak centered 
15 at approximately 60^ C suggests that some residual a form 
is still present. However, the relative magnitude of the 
larger B peak centered at approximately 76** C demonstrates 
that the tristearin has solidified predominantly in the B 
fonn. The piston applied a pressure of about 4400 pounds/ 
20 inch^ during its stroke cycle. As can be seen by comparing 
Figure 3 with Figure 2, subjecting tristearin to the force 
of the piston stroke modified the molten phase of the 
tristearin wax so that the wax solidified in a different 
manner than it would have without the application of the 
25 force. 

Figiire 4 shows the DSC spectrum of solidified tristearin 
which, while in the molten phase at 145** C, was subjected 
to five stroke cycles of the piston. The presence of a 
single peak centered at approximately 77** C clearly shows 

3 0 that the solidified tristearin exists in only the B form. 
There is no indication of any residual polymorphic a form 
present. The piston applied a pressure of about 5500 
pounds/ inch^ during each stroke cycle. The tristearin in 
both Figures 3 and 4 was first heated to 145 « C, piston 

3 5 treated, and then cooled to solidification. Complete 

transformation of the molten wax to a molten form which 
solidified in only the B polymorphic form required five 
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^..ston strclcs cycles a1: 5500 pounds /inch^ for -he wax 
sixnpla of Figure 4. As discussed zncra fully - -^.T;: 
Trending apciica-i^" ra.er.aa e— ^ 
l^e wax saems to depend on both the temperature .ne ^ 
■ 5 liquid tristearin when subjected to force as wel. as ^.r.« 

total fores applied. 

The polymorphic f era. of the untreated (native; ^ ^ 
^risteaiin wax represented by the solidified samp.e ox ^ 
^iaure 2, when used in an encapsulation process, dees no. 
.0 fo;. a suitable shell for the protection of core 

esT^ecially environmentally sensitive :na^eraal=. wne : ^ 
To' coat or encapsulate a core material, the Poll™- 
for. allows greater access to the core .a.erxal ov .x--...- 
conditions such as moisture, oxidizing or reducing 
.5 materials, and other chemical raactants. It has oeen 

discovered that, when used to coat or encapsulate a co.=^ 
material, glyceryl tristearate which has been 
by being subjected to a force so as to .e conve.. - 
niaterial which solidifies in substantially tne a_l ^ 
30 polymorphic form provides a more complete barr .er aga.n» 
Pen^ration to the core material by external condx..on» 
Although core materials may be encapsulated w..n ei.he. 
polymorphic or transformed (all B form) of glycery. - 
st:-arate, it is the transformed, all B form, whxcn y.elds 
,5 t^e supe;ior shell and offers the best protection for .ne 

core material* ^^^r^- 

figure 5 is . DSC spa=tr.=> =f resclia.fl^d -1-—" 
ically. transf=r=».d trisi:.arin. The tri=taarin was mel.ed 
ica_j.y ne-^icd of ten minutes, 

heated to 90= C, and sub^ectea xor a pe^ica 

, . ^ 4.v,a, -po-rce o-^ ultrasound at an 
■^0 while being stirred, to uhe force o- 

w.ij-j. z> . .„/-_2 AS can be seen from 

intensitv level of 25 watts/cm . As can 
Figure 5, upon solidification, the ultrasonxca-.y _ 
.transformed tristearin wax hardened in the all B poxy- 
.or.hic form yielding the customary B form pea^ centered at 

• ^.n., "10 - similar to the 5 form peak seen xn 
35 approximately .1 ^, ^^^^ ^i^^ 

Figures l and 2 . However, x- sh.u-d 

i.. „ ^ -ic-^ea-r-in wax to tne axl » j-o-m 

needed to transform zne t^xs^ea-.n 
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means or 



piswcn 3l:roke cycles raquirsd cnly a fa^ 



iw seccnds 



ul-trascnic -r 



arj s f or:ma t: i. c n 



rsquirad -t en :minuiies . 



Hcwaver, it. is pcssihls 'th.a'b eit-her a graat.sr toral 
applied by a higher power ulwrasonic transducer or a 



rcrce 



different transducer geometry, cavity shape^ cr expcsura 
area such as in a flew cell laay produce the transformation 
In less time than the device presently available to Appli- 
cant • 

Figure 6 schematically outlines the :method of the 
present invention. In step 1, the selected -wax is, if 
necessary, first heated to above its melting point with 
constant stirring to assure uniforriity of temperature. The 
liquid wax is subjected to force such as by a piston stroke 
cycle in step 2 or as by ultrasonic exposure in step 2 ' , 
After the wax is transformed, it is mixed in step 3, while 
still in the liquid phase, with the core material in a 
mechanical mixer for a period of time sufficient to ensure 
complete coating of the core material by the liquid 
transformed wax* During the mixing, the mixing vessel may 
also be Icept heated. The core compound to be encapsulated 
may be preheated as in step 5 prior to mixing with the 
transformed wax. Preheating the core material is not 
absolutely necessary, but has been found to produce 
superior capsul es , 

The pra-heating of the core material and the heating of 
the mixing vessel during the mixing of the transformed 
liquid wax with the core material prevents too rapid 
solidification of the wax on the core material. Even if 
the core material is not preheated and the mixing conuainer 
is not heated, encapsulation by the transformed wax will 
occur. However, in such instance, more wax may be needed 
than is required when both the core material and the mixing 
vessel are kept warm during the mixing/coating/ encapsula- 
tion procedure. After the transformed liquid wax and the 
core material have been thoroughly mixed and the capsules 
formed, the capsules are permitted in step 4 to cool so 
that the transformed wax solidifies. 
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range of proportions of capsula sh ^^^^^^ <,^.a 

„a.. « core material. J'^^^Tl '-'.l';,,"^ ^^t.o ^ weight 
«i.tearin it has h.en found / 
■ 6 Of core material to transforMd tristearin = 

' llZs gooa capsuxes. However, Vr/:hir-n:rs:i waiis 

:::crrVi: percentages less "J ^ - 

.0 aae^atcly coat core ^^^^f ^fw^: JLrofUicie^ 

.Hat a -"'^^J^;^:::!! capsules with s.elX have 

with less than 20% shell. P „j the core 

easily been formed. Further, the P^^"^ „,t^„a 

material being encapsuiated is not i when 

this IXrcdTsi^'hy -neans well 

«>, cor. material IS first red ^^^^^^^^ 

known in the art to micron size, wniie 

^oHhe order of hundreds of microns) may be formed 
„r, i.raer core particles by this process. 

on larger =°« P 3^„sitive core materials may be simply 
20 Environmentally sensitive transformed 

and guicklY encapsulated in this manner. The . 
°ax !^ell isolates the sensitive cor. 

surrounding environment, or, ^-^"^^^"^^"^^x she^i isolates 

„ :r-^:;u::irrvirerfrr^^^^^^^^^ 

Table 2. 

TABLE 2 

CHOLINE BITARTRATE 
30 CHOLIHE CHI.ORIDE CM.CIUM CHLORIDE 

CHOLIHE SULFATE POLICACID 
VITM1IHS A, B, C, D, E ^.^ooXINE HCl 



35 



™: «OHOHXTHATE KXACX«A„XOE 
™XON SEHSXTXVE COMPOUHDS HV<=R0SCOPXC COMPO^DS 
REDUCTION SENSITIVE COMPOUMDS 
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ClioliLne cnj-cride is cna axairipls cf an environmental Iv 
sensitive nvatarial which has been successf -aliv enca-Dsulatec 
by the methcd of this invention. Choline is a growth 
sti^iulant and a mstaholic precursor required by the central 
nervous system for proper functioning. Choline chloride is 
extremely hygroscopic. Because the choline chloride salt 
is so hygroscopic and difficult to worx with, less 
hygroscopic and mora stable choline bitartrate is coimncnlv 
used where choline is to be compounded or encapsulated. 
However, since choline represents a smaller fraction of 
the molecular weight of choline bitartrate than it does of 
choline chloride, the use of choline bitartrate as a core 
::naterial results in capsules having a lower choline conten* 
for a given core weight and size. 

Experiments by the Applicant have shown that it is 
possible to use the wax, glyceryl tristerate, to 
encapsulate choline chloride by another method than the 
method cf this invention. For instance, if powdered S form 
tristearin is dissolved in warm to hot dichlorcmethane 
(methylene chloride) and choline chloride is added to the 
dissolved tristearin, choline chloride capsules having a 
high percentage B form tristearin shell will be formed as 
•the dichlorcmethane is evaporated away. However, DSC 
spectra of such capsules show high temperature endothermic 
peaks not associated with either any polymorphic form of 
tristearin or with choline chloride. Apparently, some 
unknown chemistry has taken place. 

Thus, because of the possibility of solvents such as 
dichlorcmethane reacting with either the wax (tristearin) 
or the core material (choline chloride) as well as the 
likelihood of contamination of the capsule with residual 
dichlorcmethane, formation of capsules by the method cf the 
present invention is preferred over preparation from 
solvents. In fact, the method cf this invention represents 
a major advance in the art cf encapsulatina materials 
since: 1) no additional chemicals are introduced or needed 
in the encapsulation process; 2} the core and shell 
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materials are not. subjected during encapsulation to 
unusual or physically stressful conditions; and 3) no post- 
encapsulation treatment (chemical, thermal, physical, etc.) 
is required to stabilize the capsules. 

in the above examples, a force applied to the liquid 
waxes transformed the waxes to a different state. An 
example of an apparatus for producing the transforming 
force is shown schematically in Figure 7. The apparatus, 
illustrated in Figure 7, consists of a reservoir 1 having a 
stirrer 11 located so as to stir the wax contents 3 of 
reservoir 1. Reservoir 1 may be heated, if necessary as in 
the case of a wax which is solid at room temperature, by 
heating coils 2, and the temperature of the wax material 3 
within reservoir 1 determined by temperature measuring 
apparatus 18. A transfer conduit 14 leads to piston 
assembly 13. Piston assembly 13 consists of chamber 15, 
having inlet valve 6 and outlet valve 7 at opposite ends 
to which is connected piston housing 4 which has within it 
movable piston 5. Movable piston 5 is displaced within 
housing 4 by motor 16. Motor 16 may be hydraulic, air, or 
electrically powered, valves 6 and 7 may be solenoia 
valves, manually operated valves, or automatic check 
valves, output transfer conduit 17 is connected to piston 
assembly 13 at exit valve 7 and leads to either a mixing or 
storage container. Transfer conduit 14 leading to piston 
assembly 13, piston chamber 15, and transfer conduit 17 
leading from piston assembly 13 may be heated, if 
necessary, with heating coil 12 to maintain the temperature 
of the wax material 3 as it passes to, through, and from 
piston assembly 13 . The mixing or storage containers may 
be heated, if necessary, to maintain the temperature of the 
transformed wax materials 

To prepare transformed waxes for use in the 
encapsulation process, native wax which is to become shell 
material is first placed in reservoir 1 where, if 
necessary, it is melted and maintained above its melting 
point. Alternatively, premelted or liquid wax may be 
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placed in reseir/oir 1. The liquid wax is srirred by 
stirrer 11 until it has a uniform temperature as 
determined by temperature measuring apparatus 18. In the 
preferred embodiment, reservoir 1 is located above piston 
5 assembly 13 so that the liquid wax 3 is gravitational ly fed 
to piston assembly 13. Liquid wax 3 is admitted to chamber 

15 where it is transformed as piston 5 is driven by motor 

16 through its positive and negative displacement cycle 
within housing 4. The liquid wax 3 is shown under pressure 

10 in chamber 15 as wax 8. After admitting liquid wax 3, 
valves 6. and 7 may be closed while the piston cycles, 
subjecting the liquid wax to force by alternately applying 
and relieving pressure on the wax within closed chamber 15. 
Alternatively, the valve action may be adjusted to provide 
15 a semi-continuous flow of liquid wax through chamber 15. 
This can be accomplished by using check valves for both 
inlet valve 6 and outlet valve 7- As the piston is raised, 
the pressure within chamber 15 drops below the outside 
ambient pressure. Check valve 7 prevents previously 
20 transformed material from reentering chamber 15 while check 
valve 6 permits a quantity of liquid wax 3 to be drawn into 
chamber 15. As piston 5 begins the downward half of its 
stroke cycle, both check valves 6 and 7 close for a period 
of time allowing pressure to build up within chamber 15. 
2 5 At some point the pressure on the liquid wax 3 exceeds the 
pressure setting of check valve 7 which then opens, 
permitting the trcuisformed wax to flow out of chamber 15 
into transfer conduit 17. 



3 0 transformation of molten tristearin at 145° C to a molten 
state which will solidify substantially in the all B form 
is achieved after five repetitive strokes of piston 5 at 
approximately 5500 pounds /in^ chamber pressure. Typically, 
only a couple of seconds are required to transform the wax 

3 5 shell material in this manner. Thus, the throughput of 
transformed wax shell material is very high even for a 
small compression chamber. In the preferred embodiment of 



As shown earlier with reference to Figure 5, complete 
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th» piston apparatus, piston assembly 13 consists of an air 
driven hydraulic pump such as that manufactured by S.C 
Hydraulic Engineering Corporation, Model No. SC-10-600-3. 
in such a pump, the force exerted by the piston on the 
- 5 liquid wax shell material within the compression chamber 

can be regulated by the choice of air pressure supplxed to 
the motor. For the Model SC-10-600-8 pump a minxmum of 
approximately 35 pounds/inch^ inlet pressure is required to 
activate the pump. Typical inlet pressure ranges to the 
10 motor Which were found to produce sufficient force on the 
piston vary from 40 to 6t> pounds/inch^ of pressure. These 
inlet pressures result in design pressures xn the 
compression chamber of approximately 4400 to 6600 
pounds/inch2 since the pump has a hydraulic pressure 
X5 multiplying effect of approximately 110. Chamber Pressures 
as high as approximately 93 60 pounds/ inch^ have been used 
with other pumps used to successfully transform the waxes. 

The transformed wax shell material 19 may either be 
collected for later use in a storage container heated, xf 
20 necessary, to Keep the material in the liquid phase or may 
be immediately used for encapsulation. 

An example of a second apparatus for producing the 
transforming force is shown in Figure 8. A treatment 
container 20 may be heated, if necessary, to melt a wax 
25 Which is solid at room temperature, by heater/stirrer 21 
which is a combination heating element and magnetic 
stirrer. The native wax 30, which is to be transformed, xn 
either liquid or solid phase is placed in container 20 If 
necessary to maintain as a liquid, wax 30 may be heated by 
30 heater/stirrer 21 while being stirred by magnetic bar 
stirrer 22 driven by heater/stirrer 21 and brought to a 
uniform temperature as determined by temperature measurxng 
apparatus 23. After the wax 30 has reached the desired 
uniform temperature, horn 24 of ultrasonic converter 25 xs 
35 placed into the liquid wax 30. Converter 25 is connected 
by cable 26 to ultrasonic generator power supply 27. 
Ultrasound 28 is applied to liquid wax 30, once agaxn 
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resulting in transfcrmaticn of liGuid wax "^-0 "^^i-r-^ i-;^..^^ 
Stats which fonns a superior shell wher. used for 
encapsulation. For tristearin, a tsaiperature of 30= to 
14 5 » c is usually used. Typically, the aoltsn tristearin 
5 is subjected to the force of the ultrasound for a period cf 
tsn minutes at an intensity level of 25 watts/ cai^. 
Stirring is continued during the application of ultrasound 
to ensure exposure of all the molten tristearin to the 
ultrasound. Once the conversion is complete, the 
10 transformed molten tristearin shell material may be stored 
in a heated container or used immediately to encapsulate 
the core material. 

Figure 9 shows the apparatus used to encapsulate core 
materials by the method of this invention. Transformed 
liquid wax shell material 31 is added along with core 
material 32 to mixing container 33. Mixing container 33 
may be heated by a heating mantle or jacket 34, The core 
aiaterial 32 and transformed liquid wax shell material 3 2 
are mixed by mixer/stirrer 35. Mixer/stirrar 35 provides 
mechanical agitation to the mixture of core material 32 and 
shell material 31 to ensure complete coating/encapsulation 
of the core material 32 by the liquid wax shell material. 

Mixer/ stirrer paddle 3 6 is powered by motor 37 which in 
the preferred embodiment provides both a rotating and 
reciprocating action to stirrer paddle 36. Transformed 
liquid wax shell material 31 solidifies around core 
material 32 as the .mixture cools. Depending on the melting 
point .of the transformed wax, the mixture may be cooled by: 
1) removing heater 34 after mixing is complete; or 2) 
gradually reducing the heat supplied by heater 34 to 
container 3 5 during mixing; or 3) cooling/chilling 
container 33 during mixing. once solidified, and as long 
as the ambient temperature is below the melting point of' 
the transformed wax, the transformed wax shell material 
3 5 creates a permanent coating over the core material 
pa^rticle, forming a capsule. 

The particle size of the initial core material 32 will 
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the resulting capsule. 

the 
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basically determine the size of the resulting capsule. 
Depending upon the size of the starting core Heater xa., 
resultant capsule may be classified as either a 
Microcapsule or a .acrocapsule recognizing that th^se terms 

are imprecise- , 

ror Bolt.n transformed waxes such as trxstearxn the 
encapsulation process can be acceleratea to so^e «cte„t by 
Chilling container 33 during agitation of the core and 
Shell mixture. However, best results are obtained by 
Pooling tb. core and shell mixture slowly while continuing 
the mixing agitation. To facilitate encapsulation, the 
:^:e late^ia! .ay also be prehaated to a --P^^^ 
that of the molten transformed wax shell material before 
mixing with the transformed shell material. 

Since no solv«,t or carrier liquid is used in the 
encapsulation process of this invention, not only is there 
Z possibility of contamination of the final capsule by 
such solvents or carriers, but any material may be 
encapsulated without regard to whether the cor. material 
reacts with such solvent or carrier. In addition, any 
special handling or storage conditions for environmentally 
sensitive materials (i.e., inert atmosphere, vacuum etcj 
are easily employed with the encapsulation method of this 
invention. Hygroscopic and dellqtuescent compounds may be 
suZssfully encapsulated by the method of this --ntion 
since such materials may be mixed in the dry state with the 
tr«>s£=rmed liguid shell material to form capsules without 
exposure of the hygroscopic core materials to residual 
water in a solvent or carrier. »o special pretreatment or 
, st"a,e Of the hygroscopic core material is required beyond 
handling precautions. Since ^capsulation occurs 
very guiclcly once the core and shell are mixed, and the 
Shell hardens relatively guicKly by cooling, hygroscopic 
core materials need not be exposed to a potentially 
5 destructive wet atmosphere for a prolonged 

during processing. In fact, one of the general ""-^-^ - 
this method Of encapsulation compared to prior art methods 
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is the significant reduction of the overall time needed to 
encapsulate. 

Using the method of this invention, it is possible to 
add additional layers of shell material to the capsules by 
5 repeatedly mixing and coating already formed capsules with 
transformed liquid wax shell material. However, great care 
must be taken in controlling the temperature of the 
transformed wax shell material added to the capsules to 
avoid melting the already existing wax shell structure, 

10 When used as shell material in the encapsulation process 

of this invention, transformed waxes produce superior 
shells which are more resistant to environmental 
conditions, and which, therefore, protect more fully the 
core materials from environmental influences. Even for 

15 extremely hygroscopic materials, such as choline chloride, 
which heretofore have been virtually impossible to 
encapsulate, the transformed waxes yield remarkably 
improved results. 

As mentioned, choline chloride is an example of an 

2 0 extremely hygroscopic compound successfully encapsulated by 

the method of this invention. Using choline chloride as 
the core material and transformed tristearin as the shell 
material, capsules of choline chloride are obtained having 
stable shell walls which do not degrade over time. The 

25 choline chloride capsules are also free-flowing; that is, 
no clijmping or agglutination of the capsules occurs, and 
they remain free to slide by one another. This makes such 
choline chloride capsules formed by the method of this 
invention useful for forming into tablets by means well 

30 known in the art* Choline chloride capsules formed by the 
method of this invention appear in micrographs to have a 
complete and unbroken tristearin shell. As mentioned 
earlier, various ratios of core material weight to shell 
weight may be utilized but it has been found that, for 

3 5 choline chloride, a 75%/ 2 5% percent ratio by weight of core 

to shell material produces satisfactorily encapsulated 
choline chloride. 
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capsules of choline chloride which are formed by the 
method of this invention do exhibit a gain in weight ever a 
period of time upon continuous exposure to humid 
atmospheric conditions. This gain in weight is attributed 
to either water adsorption onto the capsules or water 
absorption by the capsules. To measure the relative weignt 
gain over time, comparison is made to choline bitartrate 
which has been coated with silicon dioxide particles. 
Since choline bitartrate is much less hygroscopic than 
choline Chloride, it is frequently used where choline must 
be compounded. However, the higher molecular weight of the 
choline bitartrate makes it unsuitable for many 
applications where choline is needed. Table 3 illustrates 
the percentage weight gains seen for four samples: 
untreated choline chloride, choline bitartrate, choline 
chloride coated with melted and hardened, non-transformed, 
native tristearin, and choline chloride coated with 
transformed tristearin. 

tabue: 3 

COMPARISON OF MOISTURE ABSORPTION OF ENCAPSULATED 
CHOLINE CHLORIDE VS. UNTREATED ADSORPTION CONTROL SAMPLES 



25 



S2a4ELE UZ^TERIAL 



OVER 3 HCOES 
100% HCMIDITX 



WErt32r GAEN 
OVER 6 HOURS 
100% HUMTDrK 



OF OJOLrNE 
PRESENT IN 
SAMPLE 
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It can be seen from Table 3 that choline chloride 
capsules made with native or transformed tristearin shells 
5 gain more weight than does the choline bitartrate but much 
less weight than the untreated choline chloride. The 
weight gained versus the actual amount of choline present 
in the samples shows a marked improvement for the 
transformed wax capsules over the native wax capsules and 

10 for the transformed wax capsules is almost equivalent to 

that for raw choline chloride. In these experiments, after 
six hours much of the raw choline chloride deliquesces^ 
leaving some remaining material resting in a small pool of 
liquid. Similarly, after six hours the native wax capsules 

15 tiad moistiire droplets or beads on their surface. However, 
^^t^^ six hours the capsules made with transformed wax 
shells remained visibly dry and free flowing. Thus, the 
principal problem with working with choline chloride, that 
of its hygroscopicity, has been overcome by encapsulation 

20 in the transformed wax shell. 

Clearly, shells formed from native tristearin are not as 
effective in preventing weight gain as are shells formed 
from transformed tristearin. This is believed to be due to 
the presence of multiple polymorphic states in the 

2 5 untreated material which degrade the structural integrity 
of the shell. 

The choline chloride capsules formed with transformed 
tristearin shells remain free-flowing even after exposure 
to a 100% humidity environment with its accompanying weight 

30 gain, and microscopy shows no change in the structure of 
the shell. Furthermore, after extended exposure to humid 
atmospheric conditions, analysis of the choline content of 
the transformed tristearin choline chloride capsules 
indicates that the choline which was originally encapsu- 

35 lated remains within the capsule and active. 

As mentioned, the reasons for the weight gain are not 
entirely clear. It is possible that some water may be 
absorbed into the shell layer interstitial ly between the 
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Ti- -ic, also possible iihat some 

ties. .nou... p==---^- ri: izzw:: 

", '^-.3 to .he surf.ce of the c.p.uXes end .e 
Tsorbin^ the water. However, ^oro^aphs .how nc 
SicatiL Of such resiauax ----^-:rer%: 
..e outsiae surface of Ce le^o^of t^s invention 

7::z:zxj:tiitz rj:.. core . ....s.^^^^ 

ZT^l,n Shell Which regain free-flowin, and reta.n .he 
choline within the capsules without leaking. 

yet another e.^odi.ent of the invention, the core 
»aterill. such as choline chloride, -ay be. pre-»ixed w.th 
thHiguW wax before the wax is subjected to force. 
Selecting the -ixture to force, such as by piston stroK. 
subjecting „ ^^.^ characteristics as 

cycles, yields caps „o„ever, this method results 

the capsules described above. Howevei, 
ii, freouent jamming of the piston asseiubly. 

It Zs also possible to add various additives to the 
li^L "axes either before or after subjecting ^= 
f=Le These additives may act to retard expansion of the 
'upinisolidification. Two such materials 
, Teradded are methylcellulcse and ethylcellulose. Ethyl 
or methyl cellulose added to tristearin after 
transfoLation, but prior to mixing with choline chloride, 
results in capsules of choline chloride which gain much 
le sTeight When subjected to a 100* humidity -vironment 
D than capsules formed from transformed tristearin shells. 
The Xoline chloride capsules formed from transformed tri- 
stearin to Which methylcellulose was added after 
,-.=„sformation of the wax similarly are free-flowing, 

being mad. into tablets, and contain the choline 

. Ter ti- - =^ '"r^ 

often form superior tablets when methylcellulose, 

t^h^lcellulose, or similar cellulosic compounds are used as 
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S-^-^i-ty tc sncapsulate snvircnmen-aiiy sensitive 
3iatsrials, such as these which are hygroscopic and 
deiiqusscsnt, with a transformed wax shall by simple 
mechanical mixing of the core and shell materials' opens the 
doer to the successful encapsulation cf previously 
difficult cere materials. No special treatment of the core 
material is necessary for the encapsulation process cf this 
invention, nor is the use of non-aquecus solvents required, 
one direct result is the production of capsules containing' 
no chemical contaminants introduced by the encapsulation 
process. The resulting capsules are not only stable 
mechanically and chemically, but are free-flowing and 
therefore suitable for making into tablets or other 
15 compounding. 

Further, the capsule size range which can be achieved by 
the method of this invention is not limited either fay the ' 
core material or the wax shell material. Generally the 
transformed liquid wax will encapsulate any core with which 

2 0 ±t is mechanically mixed. The capsules assume the size of 

the underlying core particles. This results in much 
simpler manufacturing requirements. Additionally, the time 
reqiiired for encapsulation by this method is relatively 
short. The wax may be transformed immediately prior to 
25 encapsulation of the core material or may be transformed 

and held in the liquid phase for an extended period cf time 
before it is used to encapsulate. 

At this time. Applicant is unaware of why subjecting the 
waxes to force is successful in transforming the waxes to a 

3 0 state which yields superior shells, and, in the case of 

polymorphic waxes such as tristearin, into a stats which 
solidifies only in the B polymorph. However, both 
apparatuses described above successfully achieve this 
transformation, and waxes, including tristearin, 
transformed by either apparatus yield good capsules of 
choline chloride. 

Several possible physical mechanisms may account for the 
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per/ 

-.h=s. polymorphic . u=n : 

to a molten state which haraens t..e =— - 
,e'.^<-.a point 5 pciin,orph, a possible me=nan.=m jn=.. <=- - 
. . at'ihe'hi,. pr«=.re achievea a. the piston is xorceo 

.,ainst/into the molten we. within ^^^'^ 
wax begins to crystallue in B ^ 

^o^ 4=tals . are indicated in ri^re 10 
pressurized .olten wax a. upon leavina cnam^e 1 tna 

^ - - -=-^-ra ?.s nucTeaticn cen-cers re- 

form crystals 10 wou^a ser^^-s as nuc— a^x 
forin cry ^ ^o^*cules so 1:hat, as the wax 

further oraering O:^ ^ne mo 

, -,^^^^=^-- -it would crystallise prxncipa^^v 
cooled ana solxair^^a, -i: wou_ 

. . s-7 tills snechaiiism, mora s _Oi.- 

the polymorpnic for^i. =y -.iS .^^ni^a-^o" of 

crystals xo are created by each successive a^.^-^-^ 
force by the piston strolce cycles, thereoy providing a 

::rer L^- of . .-or. nucleation centers -^--J^;:; 
the concentration cf B for. nuoleation — J^^r,^:: 
«ti-Pficient to cause the rssolid^t ic^v,_ci. 

sufficient - a«,^Mc='nt however, does net 

completely in the S form. Applicant, how- , 
ru J out as a possible mechanism the alternarxve 
;:s;ibllity that it is the release of pressure during -ne 
piston's negative displacement or -^^^^^r . , , 

pressurized vax through the checlc valve wnxch ini..a.-s 
form crystal formation. 

the other hand, the force may worK «--f J""- 
other than pressure to transform the ««« " ™" ^'^^^^ 
other mechanism is at vor.. is suggested i.y the fact tnat 
the fc^ce generated by ultrasound also transforms the 
Molten" waxes, ultrasound is usually considered to wcrK -s 
:ffe=ts through the creation of cavitation bu=o.es in tn 
medium, although pre-cavitation °-i"«t.on o. ^» ™ 
occurs. The collapse of cavitation ou.bles " '^-'-P^- 
by localized shock waves, shear forces, ana acrupt 
.Lr,.ratu-. ^t^kes. perhaps it is the force applied by 
:rarsh:;.';:ve, or heating produced by either the piston 
cvol= cr Ultrasound that transforms the waxes. Applicant 
has discovered the effect but does not Knew the mecnanis.,,. 
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Addiricnai odor t-ast-S cf choline chloride caosules with 
transf crnied tiristearin shells indicaHe uhat the transf ririned 
-trist-sarin shell also forms a be-trer barrier iic "the 
t;ransinis3icn cf odors iihan does naiiive iizrisiiearin. Ir. 
■tast-s -tes-ts , the taste of the choline chloride was found to 
be masked by the transfc3naed tristearin until the 
transformed tristearin shell dissolved. Phctomicrograohs 
of choline chloride capsules ta3cen by a scanning electron 
Tnicroscope show that the crystals of choline chloride in 
the core vera completely coated with transforined tristearin 
when the capsules were 3iade with a 75%/ 25% weight ratio cf 
core to shell material, 

Fhotcmicrographs of capsules formed with a 50%/50% 
weight ratio of core to transformed wax shell material show 
15 significantly enlarged capsules having enlarged shell 
thickness. The thicker shell improves the handling 
characteristics of the capsules. Not- only is the larger 
capsule more easily filtered, but it is less likely to 
provoke respiratory problems when handled. 
2G Choline chloride capsules, formed with transfoirmed tri- 

stearin shells, are easily formulated into various tablet 
sizes, using various tablet filler formulations. The 
transformed tristearin (all B polymorph) material forms a 
stable shell about the capsules which in turn vield a far 
25 better and more stable tablet for human oral use. Choline 
chloride capsules formed with native tristearin shells tend 
to pick up far too much moisture from ambient room humidity 
during processing into tablets, present more tableting 
problems, and produce unstable tablets. Choline chloride 
3 0 capsules with transformed tristearin shells tend to pick up 
moistvire at a much slower rate, thereby allowing the 
capsules to remain "dry" during the tableting process. 

While only one example has been provided in this 
specification, that of choline chloride encapsulated with 
2 5 the transformed triglyceride, tristearin, it should be 
obvious to anyone skilled in the art that other 
environmentally sensitive materials may be encapsulated by 
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the method of this invention using tristearin or other 
waxes which have been transformed by being subjected to 
force. 
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I claim: 

1. A capsule comprising: 

(a) at least one core material; and 

(b) a shell comprised of a wax which has been 
5 subjected to force while in the liquid phase. 

2 . The capsule of claim 1 wherein said core material 
comprises an environmentally sensitive substance. 

3 . The capsule of claim 2 wherein said environmentally 
sensitive substance comprises a hygroscopic and/ or 

10 deliquescent substance. 

4. The capsule of claim 3 wherein said hygroscopic 
and/ or deliquescent substance is choline chloride. 

5. The capsule of claim 2 wherein said environmentally 
sensitive substance comprises a vitamin. 

^5 6. The capsule of claim 1 wherein said wax is subjected 

to the force of at least one piston stroke cycle . 

7. The capsule of claim 6 wherein said wax is glyceryl 
tristearate . 

8 . The capsule of claim 7 wherein said glyceryl 

20 tristearate solidifies substantially in the B polymorphic 
form. 

9. The capsule of claim 1 wherein said wax is subjected 
to the force of ultrasound. 

10. The capsule of claim 9 wherein said wax is glyceryl 

2 5 tristearate . 

11. The capsule of claim 10 wherein said glyceryl 
tristearate solidifies substantially in the B polymorphic 
form. . 

12. A capsule comprising: 

3 0 (a) at least one core material; and 

(b) a shell comprised of a wax which has been 
subjected to pressure while in the liquid phase. 

13. The capsule of claim 12 wherein said core material 
comprises an environmentally sensitive substance. 

35 14. The capsule of claim 13 wherein said 

environmentally sensitive substance is a hygroscopic and/or 
deliquescent substance. 
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15. The capsule of claim 14 wherein said hygroscopic 
and/ or deliquescent substance is choline chloride, 

16- The capsule of claim 13 wherein said 
environmentally sensitive substance is a vitamin. 
5 17- The capsule of claim 12 wherein said wax, while in 

a liquid phase, is subjected to the pressure applied by at 
least one piston stroke cycle. 

18. The capsule of claim 17 wherein said wax is 
glyceryl tristearate, 
Lo 19, The capsule of claim 18 wherein said glyceryl 

tristearate solidifies substantially in the 6 polymorphic 
f orm, 

2 0. The capsule of claim 12 wherein said wax is 
subjected to the pressure applied by ultrasound. 
15 21. The capsule of claim 20 wherein said wax is 

glyceryl tristearate. 

22- The capsule of claim 21 wherein said glyceryl 
tristearate solidifies substantially in the B polymorphic 
form. 

20 23. A capsule comprising: 

(a) at least one core material; and 
(h) a shell comprised of a wax which has been 
subjected to a shock wave while in the liquid phase. 

24. The capsule of claim 23 wherein said core material 
25 comprises an environmentally sensitive substance. 

25. The capsule of claim 24 wherein said 
environmentally sensitive substance is a hygroscopic and/or 
deliquescent substance - 

26. The capsule of claim 25 wherein said hygroscopic 
30 and/or deliquescent substance is choline chloride. 

27. The capsule of claim 24 wherein said 
environmentally sensitive substance is a vitamin. 

28. The capsule of claim 23 wherein said wax is 
subjected to a shock wave applied by at least one piston 

35 stroke cycle. 

29. The capsule of claim 28 wherein said wax is 

glyceryl tristearate. 
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30. The capsule of claim 29 wherein said glyceryl 
trisrearate solidifies substantially in the B polymorphic 



31- The capsule of claim 23 wherein said wax, while in 
5 the molten phase, is subjected to a shock wave applied by 
ultrasound. 

32. The capsule of claim 31 wherein said wax is 
glyceryl tristearate. 



10 tristearate solidifies substantially in the B polymorphic 
form. 



15 subjected to shear while in the liquid phase. 

35. The capsule of claim 34 wherein said core material 
comprises an environmentally sensitive substance* 

36. The capsule of claim 35 wherein said 
environmentally sensitive substance is a hygroscopic and/ or 

20 deliquescent sxibstcmce. 

37. The capsule of claim 3 6 wherein said hygroscopic 
and/ or deliquescent substance is choline chloride. 

38. The capsule of claim 3 5 wherein said 
environmentally sensitive svibstance is a vitamin. 

25 39. The capsule of claim 34 wherein said wax is 

subjected to shear applied by at least one piston stroke 
cycle . 

40. The capsule of claim 39 wherein said wax is 
glyceryl tristearate. 
30 41. The capsule of claim 40 wherein said glyceryl 

tristearate solidifies substantially in the B polymorphic 
form. 

42. The capsule of claim 34 wherein said wax, while in 
the liquid phase, is subjected to shear applied by 

35 ultrasound. 

43. The capsule of claim 42 wherein said wax is 
glyceryl tristearate . 



form. 



33. The capsule of claim 32 wherein said glyceryl 



34. A capsule comprising: 

(a) at least one core material; and 

(b) a shell comprised of a wax which has been 
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44. The «psuls Of Claim « wherein =ai= glyceryl 
«iste.r»te solidifies substantially in the S polymorphic 
form. 

45. A capsule comprising: 
(a) a choline chloride core; and 

U) a shell comprising glyceryl tristearate whxch 
l.as heen subjected to force, while in the liquid phase, 
applied by at least one piston stroke cycle. 

46 The capsule of claim 45 wherein the glyceryl 
tristearate has solidified substantially in the B 
polymorphic form. 

47. A capsule comprising: 

(a) a choline chloride core? and 
b) a shell comprising glyceryl tristearate whxch 
has been subjected to force, while in the liquid phase, 
applied by ultrasound. 

48 The capsule of claim 47 wherein the glyeeryx 
tristearate has solidified substantially in the B 

polymorphic form. 

49. A method for encapsulating core materials 

comprising the following steps: 

(a) placing in a mixing container the core 
xnaterial and a liquid shell material comprised of wax whxch 
Tas been transformed, while in the liquid phase, by bexng 
3.bjected^to ^^^^^ ^^^^^^ _ ^.,e.,al and wax 

shell material; and 

(c) solidifying the wax 
Wherein the mechanical mixing causes the wax shell 
30 material to coat and encapsulate the core materxal. _ 
To. The method of claim 49 wherein said core material 
is an environmentally sensitive substance ^ 
51 The method of claim 50 wherein said environmentally 
sensi;ive core material is a hygroscopic or deliquescent 
3 5 substance 



10 



15 



20 



25 



52 The method of claim 51 wherein said hygroscopic or 
deliquescent substance is choline chloride. 



53 . rhe 2iet;hcd cf encapsuiatinc ccrs :ii£t:arials cf clairi 
4 9 wherein said wax is transfcrnied by heing svibj ected to 
the force cf at least one piston stroke cycle, 

54. The method of claim 52 wherein said transzcr^ied wax 
5 is glyceryl tristearane. 

55. The Tnethcd of encapsulating Tnaterials of claim 49 
wherein said wax is transformed by being subjected to the 
force of ultrasound* 

56. The method of claim 55 wherein said transformed wax 
10 is glyceryl tristearate. 

57. The method of claim 49 comprising the further steo 
of preheating said core material prior to mixing said cere 
material with said transformed liquid wax shell material to 
a temperature less than the temperature cf said liquid wax 

15 with which the core material will be combined, 

58- The method cf claim 49 wherein said solidifying 

step is performed at. the same time as the mechanical mixing 

of said core and shell material. 

59, A capsule having a core material surrounded by a 

2 0 wax shell made by the following method: 

(a) transforming the w*ax while in a liquid phase 
by subjecting the wax to a force; 

(b) placing in a mixing container the core 
material and the transformed liquid wax; 

25 (c) mechanically mixing said core material and 

said transformed liquid wax; and 
(dj solidifying the wax 

wherein the liquid wax coats the core material and hardens 

and encapsulates the core material, 
^0 *3?he capsule of claim 59 wherein the wax to be 

transformed is melted before being transformed, 

61. The capsule of claim 60 wherein the wax is clyceryl 
tristearate. 

62. The capsule of claim 59 wherein the core material 

3 5 is an en^v-ircnmentally sensitive substance. 

63. The capsule of claim 62 wherein the environmentally 
sensitive substance is a hygroscopic or deliquescent 




substance . ^ 

64. The capsule cf claim 63 wherain said hygrosccpic 
deliquescsnH subs1:ancs is chciir.e chlcride. 

65. The capsuls cf claim 55 whersin tl-s sUsp of 

5 transforming the wax subjecting tne wax tc forca f^^rther 
comprises the following steps: 

(a) placing the wax in a chaaber attached tc a 

oiston; 

(b) cycling the piston against the wax at least 

10 one cycle; and 

(c) reiacvinc the transformed wax fr=m the chamber 

wherein the at least one piston stroke cycle transforms 
the wax. 

66. The capsule cf claim 65 wherein the wax tc be 
15 transformed is melted before bei.ng transformed. 

67. The capsule of claim 59 wherein the step of 
subjecting. the' wax to force further comprises the followin 

steps : 

(a) placing the wax in a holding vessel; 

20 (b) immersing an ultrasonic transducer in the wax; 

(c) applying ultrasound to the wax; and 

(d) removing the transformed wax from the holding 

vessel 

wherein the ultrasound transforms the wax. 
25 68. The capsule cf claim 67 wherein the wax to be 

transformed is melted before being transformed. 

69. A capsule comprising: 
(aj a core; and 

(b) a shell formed from a triglyceride solidified 
3 0 substantially in the fi polymorphic fora 

wherein the shell surrounds and encloses the core 
material . 

70. The capsule of claim 69 in which said shell is 
composed of glyceryl tristerate. 

35 71. The capsule of claim 69 in which said core 

comprises an environmentally sensitive substance. 
72. The capsule of claim 71 in which said 
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environmentally sensitive substance comprises a 
hygroscopic and/or deliquescent substance. 

73 . The capsule of claim 72 in which said hygroscopic 
and/or deliquescent substance is choline chloride. 
5 74. A capsule comprising: 

(a) a core of choline chloride; and 

(b) a shell formed from glyceryl tristearate 
solidified substantially in the B polymorphic form 
wherein the shell surrounds and encloses the core. 
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